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S Supplementary material
This document includes supplementary figures and tables, containing data that is described or shown in other forms in the manuscript.
In Fig. S .1, the locations of core sites for observed benthic δ 13 C are indicated, and Holocene (HOL) observed benthic δ 13 C is compared to the bottom water ocean distribution of δ 13 C for Ctrl RED . The positions of observation sites are the same as in 5 Peterson et al. (2014) .
For comparison with Fig. 3a , we show the surface P O 4 concentration (µM ) of the control state with fixed Redfield stoichiometry (Ctrl RED (Fig. S. 2).
For comparison with Fig. 5 , which shows model ocean δ 13 C of model version RED compared to observations, we show the correpsonding ocean sections for model version GAM (Fig. S.3 ).
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The supplementary tables S.1 and S.2 list diagnostic variables for climate ( 
Ctrl GAM
HOL Atlantic
LGM Atlantic
HOL Pacific
LGM Pacific GLcombGAM to LGM observations (panels d and h), a constant of 0.32 ‰ is subtracted from GLcombGAM data, to account for terrestrial release of δ 13 C-depleted terrestrial carbon. concentration of remineralised acidic carbon (ACrem, µmolkg −1 ), average concentration of P O4 (Ptot, µmolkg −1 ), average concentration of remineralised P O4 (Prem, µmolkg −1 ) and average of the nutrient utilisation efficiency (P * ). The modern ocean observed C/P is given as determined by Anderson and Sarmiento (1994) and the global ocean carbon inventory (DICcont) is estimated to 38,700 PgC (Stocker, 2014) . The observational estimate for P * is given by Ito and Follows (2005) . (Locarnini et al., 2013) . Average modern day AMOC strength is estimated by McCarthy et al. (2015) from the RAPID-MOCHA array at 26
• N. Modern day sea ice cover is given as an interval due to seasonal variability (Comiso, 2008) . No observational estimate for
Tatm is given, since modern atmospheric observations are strongly influenced by rising pCO atm 2 (Stocker, 2014) . 
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